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Tissue clearing technology: three-dimensional visualization 
of transparent pregnant uterus and ovary
金沢大学医薬保健研究域医学系産婦人科学

























































































































 (上段 ) 組織透明化の原理．組織中の高屈折率成分の除去およ
び屈折率の均一化を行うことにより光の散乱を減少させる．
(下段 ) マウス妊娠子宮を用いた組織透明化．胎生9.5日の妊
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図2．透明化処理を行ったマウス妊娠子宮の3次元画像データと
コンピュータ処理により作成した断面画像 (文献16より転載 ) 






ルバー　1 mm (a), 500 µm (b, d), 200 µm (c)．
図3．浸潤する栄養膜細胞の可視化と feto-maternal interfaceの3
次元画像構築　 (文献16より一部転載 ) 


















































































描出することができる．スケールバー 2 mm (a,b)，100 µm (d)．
参　考　文　献
 1 ) Dodt, H.U., Leischner, U., Schierloh, A., Jahrling, N., Mauch, 
C.P., Deininger, K., Deussing, J.M., Eder, M., Zieglgansberger, 
W., and Becker, K. Ultramicroscopy : three-dimensional 
visualization of neuronal networks in the whole mouse brain. Nat 
Methods 4: 331-336, 2007
 2 ) Erturk A, Becker K, Jahrling N, Mauch CP, Hojer CD, Egen 
JG, Hellal F, Bradke F, Sheng M, Dodt HU. Three-dimensional 
imaging of solvent-cleared organs using 3DISCO. Nat Protoc 7: 
1983-95, 2012
 3 ) Renier N, Wu Z, Simon DJ, Yang J, Ariel P, Tessier-Lavigne 
M. iDISCO: a simple, rapid method to immunolabel large tissue 
samples for volume imaging. Cell 159: 896-910, 2014.
 4 ) Hama H, Kurokawa H, Kawano H, Ando R, Shimogori T, 
Noda H, Fukami K, Sakaue-Sawano A, Miyawaki A. Scale: a 
chemical approach for fluorescence imaging and reconstruction 
of transparent mouse brain. Nat Neurosci 14: 1481-88, 2011.
 5 ) Ke MT, Fuj imoto S , Imai T. SeeDB: a s imple and 
morphology-preserving optical clearing agent for neuronal circuit 
reconstruction. Nat Neurosci 16: 1154-61, 2013.
 6 ) Chung K, Wallace J, Kim SY, Kalyanasundaram S, Andalman 
AS, Davidson TJ, Mirzabekov JJ, Zalocusky KA, Mattis J, Denisin 
AK, et al. Structural and molecular interrogation of intact 
biological systems. Nature 497: 332-7, 2013.
 7 ) Yang, B., Treweek, J.B., Kulkarni, R.P., Deverman, B.E., 
Chen, C.K., Lubeck, E., Shah, S., Cai, L., and Gradinaru, V. 
Single-cell phenotyping within transparent intact tissue through 
wholebody clearing. Cell 158: 945-958, 2014.
 8 ) Susaki EA, Tainaka K, Perrin D, Kishino F, Tawara T, 
Watanabe TM, Yokoyama C, Onoe H, Eguchi M, Yamaguchi S, et 
al. Whole-brain imaging with single-cell resolution using chemical 
cocktails and computational analysis. Cell 157: 726-39, 2014.
 9 ) Fujiwara H, Matsumoto H, Sato Y, Horie A, Ono M, 
Nakamura M, Mizumoto Y, Kagami K, Fujiwara T, Hattori A, Maida 
Y, Daikoku T, Imakawa K, Araki Y. Factors Regulating Human 
Extravillous Trophoblast Invasion: Chemokine-peptidase and CD9-
integrin Systems.Curr Pharm Biotechnol 19: 764-770, 2018.
10) Hirano T, Higuchi T, Katsuragawa H, Inoue T, Kataoka N, 
Park KR, Ueda M, Maeda M, Fujiwara H, Fujii S. CD9 is involved 
in invasion of human trophoblast-like choriocarcinoma cell line, 
BeWo cells. Mol Hum Reprod 5: 168-74, 1999.
11) Hirano T, Higuchi T, Ueda M, Inoue T, Kataoka N, Maeda M, 
Fujiwara H, Fujii S. CD9 is expressed in extravillous trophoblasts 
in association with integrin alpha3 and integrin alpha5. Mol Hum 
Reprod 5: 162-7, 1999.
12) Matsumoto H, Sato Y, Horie A, Suginami K, Tani H, Hattori A, 
Araki Y, Kagami K, Konishi I, Fujiwara H. CD9 suppresses human 
extravillous trophoblast invasion. Placenta 47: 105-112, 2016.
13) Sato Y, Higuchi T, Yoshioka S, Tatsumi K, Fujiwara H, Fujii 
S. Trophoblasts acquire a chemokine receptor, CCR1, as they 
differentiate towards invasive phenotype. Development 130: 5519-
32, 2003.
14) Sato Y, Fujiwara H, Zeng BX, Higuchi T, Yoshioka S, Fujii S. 
Platelet-derived soluble factors induce human extravillous 
trophoblast migration and differentiation: platelets are a possible 
regulator of trophoblast infiltration into maternal spiral arteries. 
Blood 106: 428-35, 2005. 
15) Sato Y, Fujiwara H, Higuchi T, Yoshioka S, Tatsumi K, 
Maeda M, Fujii S. Involvement of dipeptidyl peptidase IV in 
extravillous trophoblast invasion and dif ferentiation. J Clin 
Endocrinol Metab 87: 4287-96, 2002.
16) Kagami K, Shinmyo Y, Ono M, Kawasaki H, Fujiwara H. 
Three-dimensional visualization of intrauterine conceptus through 
the uterine wall by tissue clearing method.Sci Rep 7: 5964, 2017.
17) Kagami K, Shinmyo Y, Ono M, Kawasaki H, Fujiwara H. 
Three-dimensional evaluation of murine ovarian follicles using a 
modified CUBIC tissue clearing method.Reprod Biol Endocrinol 
16: 72, 2018.
18) Nojima S, Susaki E, Yoshida K, Takemoto H, Tsujimura N, 
Ii j ima S, Takachi K, Nakahara Y, Tahara S, Ohshima K, 
Kurashige M, Hori Y, Wada N, Ikeda J, Kumanogoh A, Morii E, 
Ueda HR. CUBIC pathology: three-dimensional imaging for 
pathological diagnosis.Sci Rep 7: 9269, 2017.
19) Hama H, Hioki H, Namiki K, Hoshida T, Kurokawa H, 
Ishidate F, Kaneko T, Akagi T, Saito T, Saido T, Miyawaki A. 
ScaleS: an optical clearing palette for biological imaging.  Nat 
Neurosci 18:1518-29, 2015.
   35
